A 14.2 kDa protein isolated from Bali cattle (Bos sondaicus/javanicus) saliva has been reported to have a bactericidal activity. The aim of this study was to analyse the nature of a 14.2 kDa protein using single dimension (1-D) sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and matrix-assisted laser desorption ionization time-of-flight tandem mass spectrometer (MALDI TOF/TOF). The protein was isolated by means of polyethylene glycol (PEG)/sodium sulfate aqueous twophase system, and then determined by 12.5% SDS-PAGE. A band of 14.2 kDa was sliced and analysed by MALDI TOF/TOF mass spectrometer using a 5800 proteomics analyzer. Mascot search and National Center for Biotechnology Information (NCBI) Blast search revealed that the spot of 1-D SDS-PAGE consisted of three proteins: zymogen granule protein 16 homologue B, pancreatic adenocarcinoma upregulated factor-like, and prolactin-inducible protein homologue precursor. The three proteins have been observed in Bos taurus and other species such as mouse. The actual nature of the proteins and their function in Bali cattle (Bos sondaicus/javanicus), as well as the connection with the evolution of bovines need further analysis.
Introduction
Saliva is one of the most important body fluid because its position and function is directly at the forefront, dealing with various elements of pathogenic opportunities, before the pathogens go further into the animal's body through the oral cavity. Consequently, besides supplying its components involved in the process of food digestion, saliva also plays an important role in maintaining the body's immunity by providing multiple immunogenic components (Malamud et al., 2011) . In addition, saliva can also be used as a diagnostic medium for non-invasive examination of the animal condition (Kaufman and Lamster, 2002; Lamy and Mau, 2012) .
Studies on saliva have been conducted much more on human saliva, while they have just recently begun to develop on ruminants (Beauchemin et al., 2008; Lamy et al., 2009 Lamy et al., , 2010 Wheeler et al., 1998 Wheeler et al., , 2002 Wheeler et al., , 2007 Wheeler et al., , 2011 Lamy and Mau, 2012) . There are many different types of proteins in the ruminant saliva with quite a large range of molecular mass reported elsewhere (Lamy et al., 2009) . However, the saliva proteome information in cattle (bovine), especially in Bali cattle (Bos sondaicus/javanicus) is still limited.
A protein with an estimated molecular mass of about 14.2 kDa, determined by a single dimension (1D) SDS-PAGE, has been isolated from Bali cattle (Bos sondaicus/javanicus) saliva. From the molecular weight characteristics, and its ability to lyse Staphylococcus aureus, it was suggested that the protein was included in the lysozyme-like proteins (Depamede et al., 2012) .
Bali cattle are native of Indonesia and derived from domesticated banteng, Bos javanicus, Bos banteng (Nijman et al., 2003; Mohamad et al., 2009) . They are one of the main pedestals of beef cattle, and are exploited as a source of labor to plow the land in Indonesian rural areas. Compared to those from other breeds -although they are fed on poor-quality fodder -, they have several advantages, such as high fertility, remarkable resistance to heat stress as well as to most diseases (McCool, 1992) . The superior properties of Bali cattle are thus very suitable for tropical regions such as Indonesia and may be for other tropical countries too. In 2010, there were approximately 3.271 million Bali cattle in Indonesia, representing more than 27% of the total cattle population (General Directorate of Livestock, 2010; Purwantara et al., 2012) .
In order to determine the 14.2 kDa protein or peptide, we carried out a further study based on the proteomic analysis approach using 1-D SDS-PAGE and MALDI TOF/TOF mass spectrometer. These methods had been used for proteomic analysis with satisfactory results (Garcia et al., 2005; Schipper et al., 2007; Lamy et al., 2009; Lisitsa et al., 2010; Petushkova et al., 2012) . The information reported in this study is expected to provide additional information about salivary proteome in cattle, as well as to explore the uniqueness of Bali cattle as the native cattle of Indonesia.
Materials and methods

Collection of saliva
Mixed saliva was obtained from oral cavity of four healthy, non-pregnant and non-lactating female Bali cattle (Bos sondaicus/javanicus) by means of sponge gags (Muscher et al., 2010; Yisehak et al., 2011) . The cattle were raised in the Teaching Farm of the Faculty of Animal Sciences, Mataram University, Indonesia. The animals were fed 25-30 kg King grass (Pennisetum purpureum) supplemented with 4-5 kg concentrate (67% corn, 30% soybean meal, 1.5% mineral mix, and 1.5% calcium) per head, twice a day, and with water ad libitum. Upon collection, the saliva was centrifuged 3000 x g for 5 min at 4°C (Depamede et al., 2012) . Supernatant was collected, aliquoated and kept at -60°C until used for further analysis.
Sample preparation and sodium dodecyl sulfate-polyacrylamide gel electrophoresis
Proteins of the saliva were separated by means of polyethylene glycol (PEG)/sodium sulfate aqueous two-phase system as mentioned by Su and Chiang (2006) and Depamede et al. (2012) , with slight modifications. The stock solution of PEG 6000 (50%, w/w) and sodium sulfate (30%, w/w) was prepared in double distillated water (ddW). The polymers, buffer, salt and ddW were mixed prior to the addition of saliva. The pH of the system was 9 and the total weight was 10 g. The phases were mixed gently for 60 min at room temperature followed by centrifugation at 1500 x g for 20 min still at room temperature. The formed fractions were extensively dialysed separately against ddW. The protein concentration was determined by Bradford reagent (Sigma, St. Louis, MO, USA) using hen white eggs lysozyme (Calbiochem, La Jolla, CA, USA) as a standard.
A SDS-PAGE (Nacalai Tesque, Kyoto, Japan; Laemmli, 1970) was used in this study. One hundred micrograms of each fraction (40 µL) were mixed with 10 µL of 5 x SDS-PAGE loading buffer (0.5 M Tris, pH 6.8, 10% SDS, 38% glycerol, and 0.1% bromophenol blue). The samples were immediately heated to 95°C for 5 min, allowed to cool to room temperature. Each sample was loaded onto a 10% SDS-PAGE separation gel (size: 50 mm x 80 mm x 1 mm, Mini V80-10; Life Technologies, Carlsbad, CA, USA). Electrophoresis was carried out at 45 mV until the bromophenol blue front reached the bottom of the gel. The proteins were stained with commassie brilliant blue (CBB) Stain One (Nacalai Tesque) according to the manufacturer's procedure. Following protein staining, the band corresponding to the molecular weight of around 14 kDa (molecular weight marker PageRuler; Thermo Scientific, Waltham, MA, USA) was cut and put in a microtube containing 50 µL deionised water before MALDI TOF/TOF mass spectrometer was performed.
Matrix-assisted laser desorption ionization time-of-flight tandem mass spectrometer
The protein sample was reduced, alkylated and trypsin digested. Peptides were extracted according to standard techniques (Bringans et al., 2008) and analysed by MALDI TOF/TOF mass spectrometer using a 5800 Proteomics Analyzer (AB Sciex, Framingham, MA, USA). Spectra were analysed to identify protein of interest using Mascot sequence matching software (Matrix Science, Boston, MA, USA) with Ludwig NR Database.
Search parameters used were MS/MS ion search, with carbamidometyl as fixed modification, oxidation as variable modification, and monoisotopic with unrestricted protein mass as mass value. Peptide and fragment mass tolerance were ±0.4 Da (mix missed cleavages=1, and number of quires=40).
Results and discussion
In the present study we attempted to identify proteins/peptide contained in the 14 kDa correspondence band (Figure 1 ) using MALDI TOF/TOF mass spectrometer. The protein was reported to have bactericidal activity (Depamede et al., 2012) , still unresolved for its proteomic. The 14 kDa band was selected, excised, and analysed by MALDI TOF/TOF mass spectrometer. By using this approach and using Mascot search, three main protein hits were identified with sequence ID of G3MZ19, F1N1Z8, and F1MCV8 (Table 1) . Mascot search results also revealed that the protein sequence coverage was 48, 25 and 13% of G3MZ19, F1MCV8 and F1N1Z8, respectively.
Searching in UniProtKB/TrEMBL showed that G3MZ19 -observed in Bos taurus (bovine) -belongs to the uncharacterised protein with the nominal mass (Mr) 17.708 kDa, and with the gene name BT.106170 (G3M19_BOVIN; Zimin et al., 2009) . Although G3MZ19 was categorised as uncharacterised protein, NCBI Blast search of G3MZ19 showed 100% maximum identity with HRPE773-like and the predicted zymogen granule protein 16 homologue B both for bovine Bos taurus, with accession numbers gi|296473588|DAA15703.1 and gi|359079571|XP_002697975.2, respectively.
Additionally, from the UniProt 12_11, it was mentioned that the sequence ID G3MZ19 is a member of the mannose-binding protein or mannose-binding lectin (MBL) family. Mannose-binding lectin is known to give an important contribution to innate immune defense (van Asbeck et al., 2008; Lambourne et al., 2009) . Although less information is available regarding MBL and its role in the saliva of cattle, especially the Bali breed, the presence of MBL-like family in the saliva of Bali cattle possibly contributes to the innate immunity that works together with epithelial barriers around the oral cavity as the first line protection system against pathogens.
Depamede
The second Mascot hit of sequence ID F1N1Z8 -which also belongs to the uncharacterised protein -was categorised as a member of the Jacalin-like superfamily. The sequence ID F1N1Z8 has a molecular mass around 22.091 kDa of Bos taurus and its gene name is BT.45760 (Zimin et al., 2009) . Blast results showed that the F1N1Z8 sequence for Bos taurus was 100% maximum identity to pancreatic adenocarcinoma upregulated factor-like, with the accession number gi|296473587|DAA 15702.1. Even though the Mascot hit positioned the sequence ID F1N1Z8 in rank number two, its molecular mass 22.091 kDa was quite distinct from the molecular mass of protein attempted to be identified in this study, i.e. 14.2 kDa (Depamede et al., 2012) .
The third protein hit was the sequence ID F1MCV8, which belongs to prolactin-inducible protein (PIP) homologue (fragment) with molecular mass around 9.007 kDa, and its gene ID is 613853 PIP. It was reported that F1MCV8 belongs to seminal vesicle autoantigen (SVA); this family consists of seminal vesicle autoantigen and PIP with maximum identity 99% to prolactin-inducible protein homologue precursor (Bos taurus) >gi|465766 with the accession number gi|124249234|NP_001074 382.1.
The PIP is a prolactin and androgen regulated product of human breast tumor cell line T-47D (Mirels et al., 1998) . It is also known as gross cystic disease fluid protein-15 (GCDFP-15), which associates with secretory cell differentiation and is believed to originate from a limited set of tissues, including breast and salivary glands. PIP/GCDFP-15 has been reported to be expressed in rat salivary glands (Mirels et al., 1998) . Expression of GCDFP-15/PIP homologue was also reported in mouse salivary gland, although its function is still doubtful (Lamy et al., 2010; Lamy and Mau, 2012) , and the expression PIP homologue was also reported in Bos taurus cattle (Zimin et al., 2009) . In this present study, PIP homologue was observed in the saliva of Bali cattle (Bos sondaicus or Bos javanicus).
From the above-mentioned search results, it can be clearly seen that the analysis of a sliced 14.2 kDa 1D SDS-PAGE band of Bali cattle saliva using MALDI TOF/TOF mass spectrometer resulted in 3 main proteins of 9.007 kDa, 17.708 kDa and 22.091 kDa. According to Lokhov et al. (2004) and Lisitsa et al. (2010) , a mixture of 2-5 proteins was commonly observed in the SDS-PAGE slice band when analysed using peptide mass fingerprinting. Similar results were also observed by Petushkova et al. (2012) : separation of protein by SDS-PAGE resulted in more than one protein per gel band.
In this study, the slicing gel used was of one slice from 1-D SDS-PAGE gel of about 5x3x1 mm size. Hence, it can be understood that the three different molecular weight peptides, which were likely to come, were fragmentations of the three identified proteins.
As previously reported by Depamede et al. (2012) , a protein from Bali cattle saliva, with Mr 14.2 kDa in SDS-PAGE gel was able to inhibit Staphylococcus aureus. The results of the present study emphasise that the 14.2 kDarelated proteins in Bali cattle saliva possibly are not a single protein, but rather two or three proteins. Of the three proteins, based on their molecular mass, the protein with ID F1MCV8 (9.007 kDa) or PIP homologue and G3MZ19 (17.708 kDa) or zymogen possibly are closely related to the 14.2 kDa band identified in this study as well as by Depamede et al., (2012) , while F1N1Z8 (22,091 kDa) was quite distinct. Lamy et al. (2010) reported that the mass of 14.4 kDa protein isolated from 12% SDS-PAGE spot of mouse whole saliva and analysed with mass spectrometry was identic to PIP homologue. The results of Lamy et al. (2010) strengthen our result that the 14.2 kDa Bali cattle saliva protein was closely identic to PIP homologue. Furthermore, observation of the bactericidal activity of the 14.2 kDa proteins (Depamede et al., 2012) also strengthens the similarity of these proteins with PIP, since PIP was reported to have affinity to Staphylococcus mutant in human saliva (Ambatipudi et al., 2010) . Furthermore, Schenkels et al. (1997) also reported that PIP might modulate the colonisation of oral and non-oral bacteria such as those of the genera Streptococcus as well as Gemella, and Staphylococcus hominis isolated from human skin and ear canal. Since the three proteins were observed in Bos taurus as well as in other mammals such as rats, mice, and ovine, it would be interesting to check whether proteins can be used for evolution studies on Bali cattle (Bos sondaicus/javanicus) and ruminants in general.
Conclusions
Proteomic analysis of a 14.2 kDa protein isolated from Bali cattle saliva using 1-D SDS-PAGE gel and MALDI TOF/TOF mass spectrometer shown that the protein consisted of 3 main proteins with molecular mass varying between 9.007 and 22.091 kDa. To reveal more in depth the real nature and the role of the three proteins in Bali cattle saliva, a further study needs to be done. Similarly, a deeper characterisation study on the proteins should also be carried out using 2-D SDS-PAGE and MALDI TOF/TOF mass spectrometer, since, as presented in this study, redundancy results were observed from one slice of 1-D SDS-PAGE gel. 
